Background: participation restriction, defined as 'problems an individual may experience in involvement in life situations' (e.g. work and leisure), reflects difficulty functioning at a societal level and is a key component of disability. Our objective was to describe changes in participation in older men over a 2-year period and to identify baseline variables associated with participation and change in participation over the 2-year period. Methods: one thousand and three hundred and twenty-seven community-dwelling men aged 70 years or over who completed the baseline and 2-year follow-up phases of the Concord Health and Ageing in Men Project, a population-based cohort study in Sydney, Australia, were studied. Participation restriction and a range of other variables were measured using self-report and performance measures. Regression analyses were conducted to examine factors associated with participation and change in participation. Results: over the 2-year period, participation in life roles deteriorated in 47.3% (627/1,327) of men, stayed the same in 20.7% (275/ 1,327) and improved in the remainder (32.0%). Overall, there was a significant deterioration in participation (P < 0.001). Reduced participation at 2-year follow-up was significantly associated with the following baseline factors: age, more comorbidities, mild cognitive impairment or dementia, lower mood, weakness, slower gait, worse activities of daily living performance, driving and baseline
Introduction
As the proportion of older people rises, age-related changes in functioning within society are gaining attention and there has been a call for research into the risk factors and causes of disability [1] . Participation restriction is the term endorsed by the World Health Organization's International Classification of Functioning, Disability and Health (ICF) [2] to describe 'problems an individual may experience in involvement in life situations' [2] ( p. 9), such as managing finances, social interaction, community mobility and work. Participation is meaningful as it is relevant to daily life and community integration; it is associated with health-related quality of life, successful ageing [3] and survival [4] and is valued more highly by individuals than impairments or difficulties engaging in specific tasks and activities [5] . However, restricted participation is reported in 52% of people aged over 50 [6] .
To recognise and target older people at risk of participation restriction, underlying risk factors and processes must be identified. Studies of participation restriction in older people have evaluated questionnaire-based outcomes using cross-sectional data [7] , or investigated cohorts undergoing rehabilitation [8, 9] . However, research suggests that performance measures are more responsive than self-report measures of functioning in older people and assess different but complementary constructs [10] . To our knowledge, no populationbased study in older people has examined the effect of both performance-based and self-reported measures on participation restriction and change in participation over time.
We aimed to study changes in participation restriction over a period of 2 years in a population-based cohort of older Australian men, to explore baseline factors associated with participation restriction at baseline and 2 years and to identify factors associated with change in participation restriction.
Methods Study design, recruitment and participants
This is a longitudinal analysis based on the baseline and 2-year phases of the Concord Health and Ageing in Men Project (CHAMP), an epidemiological cohort study of healthy ageing in men aged 70 years or older. The Concord Hospital Human Research Ethics Committee approved CHAMP, and all men gave written informed consent.
Details of the study methods are described in the protocol paper [11] . In summary, CHAMP involves men residing in three local government areas of Sydney, Australia. Participants were recruited using the New South Wales Electoral Roll, on which registration is compulsory. The single exclusion criterion was residence in a residential aged care facility. During the recruitment period from January 2005 to June 2007, men were contacted by letter then telephone. Of the 2,815 eligible men contacted, 1,511 (54%) participated in the study. With the addition of 194 men residing in the study area who responded to recruitment media, 1,705 underwent baseline data collection. During February 2007 to October 2009, after excluding 99 (5.8%) who had died, 50 (2.9%) who had moved out of area or to an aged care facility, and 189 (11.1%) who refused follow-up, 1,367 of the 1,705 men (80.2% of survivors) underwent 2-year follow-up assessment. One thousand and three hundred and twenty-seven men (97.1%) for whom the relevant 2-year outcome data were available were included in this analysis (77.8% of the baseline sample). The mean follow-up time was 785 days (standard deviation 50.4). Assessment at baseline and 2 years involved self-completed study questionnaires and clinical assessment including biological measures, physical performance measures and neuropsychological testing.
Measurements

Participation restriction
We measured participation restriction using a 20-item scale containing questions about participation restriction as defined by the ICF. Items from four questionnaires (Physical Activity Scale for the Elderly [12] , Older Americans Resource Scale for Instrumental Activities of Daily Living [13] , Duke Social Support Index [14] and Short Form-SF12 [15] ) were mapped to the construct of participation using established linking rules [16] , then underwent Rasch analysis [17] . The items in the final scale covered seven of the nine activity and participation domains of the ICF, and demonstrated uni-dimensionality and adequate reliability upon Rasch modelling (Cronbach alpha = 0.75). See Appendix 1 in Supplementary data available in Age and Ageing online for the 20-item scale, additional statistics from Rasch analysis and alignment with consensusbased standards for health measurement instruments (www. cosmin.nl). Higher scores indicate more participation restriction.
Explanatory variables
The self-completed questionnaire contained questions about driving, living arrangements, falls history, income, pain, carer role and self-reported comorbid conditions. The Geriatric Depression Scale [18] evaluated depressive symptoms, anxiety was measured using the Goldberg Anxiety Scale [19] and the 11-item Duke Social Support Index measured social support [14] . A higher score on the Katz Index of Activities of Daily Living scale [20] reflected greater dependence in self-reported activity limitation. Urinary incontinence was defined as having leaked urine at least twice per week in the past 4 weeks. Chronic pain was defined as pain experienced everyday for 3 months or more, in the past 6 months.
Participants who scored ≤26 on the Mini-Mental State Examination or >3.6 on the Informant Questionnaire on Cognitive Decline were assessed by a geriatrician for cognitive impairment. Cognitive status (normal, mild cognitive impairment or dementia) was determined by consensus of a panel of three geriatricians and one neuropsychologist using the available clinical information and examination findings.
Walking speed was measured on a 6-m course at usual pace [21] . Grip strength was measured using a Jamar dynamometer (Promedics, Blackburn, UK). The repeated chair stand test measured the speed (number of stands/second) of standing five times from sitting, without using arms and postural sway was measured using a sway meter [22] .
Frailty was defined according to the Cardiovascular Health Study phenotype. Participants were defined as pre-frail if they met one or two frailty criteria, and defined as frail if they met three or more frailty criteria: weight loss, weakness, low activity, exhaustion and slowness [23] .
Statistical analysis
Descriptive statistics were used to summarise the baseline characteristics of the participants. The effect of loss to follow-up and death prior to follow-up was assessed by comparing baseline data in groups with different follow-up outcomes. Change in participation over 2 years was examined using a paired t-test.
Twenty-one possible explanatory variables were chosen prior to analysis. These were health and demographic factors previously linked with participation restriction in older people [7, 24] . There was no evidence of multicollinearity between these variables (variance inflation factor <2 for all variables). Univariate linear regression analysis and multivariate regression analysis (backward elimination approach) were used to determine the relationship between the baseline explanatory variables and participation at baseline and 2 years. As there was significant change in participation over the 2-year period, the regression analyses were also repeated separately for change in participation using baseline and change scores. As an internal validation procedure, the multivariate models were examined using bootstrapped stepwise backward variable selection [25] with a model generated for each of 1,000 bootstrap samples. The proportion of multivariate models on which each explanatory variable was retained was calculated and the variables selected in at least 80% of the models on the bootstrap samples were retained in the final model. The impact of age on the effect of other variables was examined using interaction terms.
Missing data for predictor variables (1% of data, <5% of data for any variable) were imputed using the Multivariate Imputation by Chained Equations procedure (50 imputations). Sensitivity analysis showed that the results were consistent irrespective of number of imputations, imputation procedure, or whether missing data were imputed or not. All analyses were conducted using Stata Version 11. Table 1 shows the relevant characteristics of all 1,705 men tested at baseline. Men who completed 2-year follow-up (n = 1,327), compared with the 279 men lost to follow-up and the 99 men who had died within the 2-year study period, were significantly younger, more likely to be employed, married, drive and report good or excellent health. They were less likely to have depressed mood, dementia, frailty or more than four comorbidities, and less likely to walk slowly or fall. The follow-up group also had significantly less participation restriction at baseline.
Results
Factors associated with baseline participation restriction
The independent associations between participation restriction and each of the explanatory variables are shown in Table 2 . All explanatory variables, with the exception of living alone and source of income, were significantly and independently associated with participation restriction at baseline. In the multivariate model, 14 variables were found to be significantly associated with participation restriction, and this model accounted for 56% of the variance in participation restriction at baseline (see Table Appendix 2 in Supplementary data available in Age and Ageing online).
Prediction of participation restriction at 2 years
Several factors were associated with participation restriction at 2-year follow-up ( Table 2 ). The results of the multivariate regression analyses with participation restriction at 2 years as the dependent variable are displayed in Table 3 . In multivariate regression analysis, the following baseline measures: age, mild cognitive impairment or dementia, grip strength, mood, number of medical conditions, gait speed, activities of daily living, participation and ability to drive were independently and significantly (P < 0.05) associated with participation restriction at 2 years. The model explained 56% of the variance in participation restriction at 2 years. All variables included in the final multivariate model were retained upon bootstrapped stepwise backward variable selection, indicating no spurious variables. The results of the regression analyses with change in participation restriction over 2 years as the dependent variable are displayed in the tables in Appendixes 3-5 in Supplementary data available in Age and Ageing online. A multivariate model containing seven baseline variables explained 13% of the variance in change in the participation score. As there was significant change in many explanatory variables over the 2-year period, the regression analyses were then conducted using change in explanatory variables. Change in nine variables over the 2-year period accounted for 28% of the variance in change in the participation restriction score.
There were interactions between age and gait speed (P < 0.001), and age and baseline participation (P = 0.03), when regressed upon the participation restriction score at 2 years. Thus, the association between gait speed and participation restriction was greater in older participants, and there was a stronger association between participation at baseline and 2 years with increased age. There was no evidence of interaction between age and any of the other variables included in the multivariate model.
Discussion
This study provides new information about disability, identification of people at risk of disability, and has potential to inform intervention to reduce disability in the older population. To our knowledge, this is the first prospective populationbased study to explore the associations between performancebased measures of physical performance and participation restriction in older people. The results show that participation changes over time in older men, and over half (56%) of the variance in the participation restriction score at 2 years can be predicted from baseline measures.
Our finding that multiple factors predict future participation is consistent with theoretical models [2] and studies in rehabilitation cohorts [8, 9] and now extends to communitydwelling older men. The study adds to current knowledge by showing that assessment of performance, in addition to selfreport and clinical measures, contributes to models predicting participation restriction over time. Significant difference between study sample and participants dead at follow-up (P < 0.05).
and gait speed, can be used as clinical markers of future decline in participation, thus enabling health professionals to recognise and target vulnerable individuals. There was a statistically significant deterioration in participation over 2 years. Further research is required to establish the minimally important difference for the participation outcome measure; however, the mean change was less than the minimally important difference when estimated as half the baseline standard deviation of raw scores [26] . Participation deteriorated in almost half of the men, which exceeds deterioration in younger population-based [27] and rehabilitation [9] cohorts. The disparity between studies may be due to different outcome measures and previous studies having younger samples (greater age is associated with more participation restriction [8, 24, 27] ) and concurrent rehabilitation that may enhance participation outcomes. Interestingly, participation improved in one-third of the men, which is notably more improvement than previously reported in a population-based cohort [27] , where 12% of people aged over 50 years improved their participation over a 3-year period. As perceptions and satisfaction with social participation contribute to successful ageing [3] , the potential for improvement in participation in older people is encouraging. Change in baseline measures explained 28% of the variance in change in the participation restriction score. This study identified modifiable factors that are potential targets for intervention to maintain or reduce participation restriction. This complements recent research that found exercise targeting strength and mobility improves participation in older people [28] and also suggests additional interventions that should be evaluated in clinical trials, such as treatments targeting interaction, cognition and anxiety. As participation restriction is a key and underresearched component of disability, these findings have clinical and public health significance. Participation in older people is a complicated construct in a complex population however, and further investigation is required to explore additional factors contributing to change in participation, for example, perceived barriers and facilitators of participation and involvement in exercise programmes.
The sampling frame ensured this study contains a representative sample of Australian community-dwelling older men. The men in the study have similar health characteristics to older Australian men [29] and are representative of the study area in terms of age and ethnicity [11] . Participation rate of 50% is similar to other studies of older men requiring a clinic visit [11] , and the 2-year follow-up rate of 78% is acceptable considering the older sample. Additional strengths of this study include the use of performance-based, clinical and self-report measures of health and functioning, the longitudinal analysis, and the sample size. The use of internal validation (bootstrapping) procedures increased our confidence in interpreting the multivariate models.
Our study does have limitations. Participation data were missing for 22% (378/1,705) of men at 2-year follow-up. As men with missing data were likely to have poorer health, activity and participation scores than those who were included in the analysis, prevalence of worsening participation may have been underestimated. Secondly, participation restriction was measured using a scale created for this study. Although instruments to measure participation restriction have been developed over the past decade [30] , there is no gold standard for measurement. All items on this scale mapped to the participation domain of the ICF, it captured both performance and satisfaction aspects of participation, and had adequate reliability. Future research could explore the subdimensions of the instrument, responsiveness and generalisability. Thirdly, reliance on self-reported data for the outcome variable and some predictors may introduce ascertainment bias. Finally, the conclusions are limited to men living in the community; participation restriction may be more prevalent in women [8, 27] and men living in aged care facilities.
In conclusion, our study confirmed that participation in life roles can change in older men and provided new, detailed information about factors associated with participation restriction in a representative sample of older men living in the community. The identification of factors that predict future participation restriction may help to recognise and target older men at risk of deteriorating participation. Approaches to improving participation in older men should consider of the influence of personal, health, functioning and environmental factors.
Key points
• Participation changes over time in community-dwelling older men.
• Fifty-six percent of the variance in participation restriction at 2 years was predicted by personal, health and functional factors.
• Assessment of both performance and self-report measures can help predict future participation restriction in older men.
